S1.3 Acid Treatments
To enhance electric conductivity of the porous GO/PEDOT:PSS hybrid film, the acid treatments were performed by soaking this porous film into concentrated HClO4 and 57 wt% HI solution in succession, realizing the removal of PSS and reduction of GO, respectively. Then the treated film was rinsed with methanol and water alternately for several times and thus obtained a highly conductive and porous RGO/PEDOT hybrid framework.
S1.4 Preparation of Porous RGO/PEDOT/PANI Hybrid Film
A potentiostatic electrodeposition method was employed to grow PANI nanorods onto the porous RGO/PEDOT conductive framework in a three-electrode configuration. The porous RGO/PEDOT framework film was employed as working electrode, while the Pt mesh and saturated calomel electrode (SCE) were applied as counter electrode and reference electrode, respectively. The electrolyte was 25 mL 1.5 M pre-cooled HClO4 solution containing a certain amount of Ani monomer (115 μL). PANI nanorods were electropolymerized onto the porous RGO/PEDOT with a constant voltage of 0.8 V vs. SCE for different periods (5, 10, 15, and 20 min) . After electrodeposition of PANI, the obtained hybrid film was collected and washed using deionized water for several times and followed by drying at 60 °C in an oven for 12 h. For comparison, pure PANI nanorods were also synthesized in the absence of RGO/PEDOT via similar procedures.
S1.5 Preparation of Planar Type Solid-State Supercapacitor (SC)
The planar type solid-state SCs were fabricated by using porous RGO/PEDOT/PANI hybrid films as flexible electrodes and PVA/H3PO4 gel as solid electrolyte. For the preparation of PVA/H3PO4 electrolyte, 5 g of PVA and 3 mL of H3PO4 were added to 45 mL of deionized water, respectively, and the mixture was subsequently stirred under 95 °C until the formation of a clear solution. When the gel electrolyte was cooled down to room temperature, two equivalent pieces of RGO/PEDOT/PANI electrodes were immersed into the PVA/H3PO4 gel electrolyte and followed by a drying procedure under ambient condition. Then, to assemble a solid-state SC, these two electrodes were pressed together by sandwiching another layer of PVA/H3PO4 solid-electrolyte between them.
S1.6 Preparation of Linear Type Solid-State SC
A non-conductive cotton yarn was chosen as the substrate for linear SC. First, this cotton yarn was immersed into the as-prepared Vc/GO/PEDOT:PSS solution and followed by drying at room temperature. Second, the Vc/GO/PEDOT:PSS modified cotton yarn was immersed into water, HClO4 and HI, sequentially, in order to remove Vc, PSS and reduce GO, respectively. After several alternate modifications of dipcoating and acidic treatments, the highly conductive RGO/PEDOT modified cotton yarn substrate was obtained. As for the electrodeposition of PANI, a conductive RGO/PEDOT modified yarn was directly used as working electrode, whereas Pt mesh and SCE were employed as counter electrode and reference electrode, respectively. The electrolyte and the electrodeposition method as used were the same with those of film electrode, the electrochemical deposition time was kept at 15 min. To fabricate a linear solid-state SC, two yarn electrodes with similar lengths were coated with a suitable amount of PVA/H3PO4 electrolyte and dried at room temperature for several hours. Then, they were parallelly assembled into a linear type solid-state SC by using a similar method like the planar SC.
S1.7 Characterizations
A Hitachi S-4700 field emission scanning electron microscopy (FE-SEM) was applied to investigate the surface and internal structure of different hybrid films. Transmission electron microscope (TEM) images of different micro/nanostructures were obtained on a JEOL-JEM F200 TEM operating at 200 kV. Raman spectra were recorded using a Renishaw inVia-Feflex confocal Raman microscope (UK) within a scan range from 500 to 2000 cm −1 . The molecular structures of samples were investigated using a Thermo Fisher Nicolet 6700 Fourier transform infrared spectrometer (FTIR) within the wavenumber range of 550~4000 cm −1 . X-ray diffraction (XRD) were performed using a Bruker D8 Advance X-ray diffractometer with Cu Kα radiation in the range 2θ = 5-60°. UV-Vis absorption spectra were collected by using an Evolution 220 UV-Visible spectrophotometer (Thermo Fisher, USA) in a wavelength range of 190-1100 nm. A Thermo Fisher ESCALAB 250Xi X-ray photoelectron spectroscopy (XPS) was used to measure the electron binding energy of the hybrid materials.
S1.8 Electrochemical Measurements
Electrochemical performance of the porous and hierarchical RGO/PEDOT/PANI hybrid film and its predecessors was investigated through a series of electrochemical measuring techniques including cyclic voltammogram (CV), galvanostatic chargedischarge (CD), and electrochemical impedance spectroscopy (EIS), which were performed on a CHI 660E electrochemical workstation (Shanghai CH Instruments Co., China). EIS was conducted in the frequency range of 10 5 -10 −2 Hz with an amplitude of 5 mV. Cycling stability was measured by using a CT2001A Land battery tester (Wuhan Landian Electronic Co., China).
The electrochemical performance of different hybrid film electrodes was investigated in a three-electrode configuration cell system while using 1 M H2SO4 as the electrolyte. The hybrid film electrodes, saturated calomel electrode and Pt mesh were used as working electrode, reference electrode and counter electrode, respectively. The specific capacitances (Cs) of different hybrid film electrodes were evaluated with Eq. S1:
where I is constant discharge current (A), t presents discharge time (s), m and ΔV denote mass of hybrid film electrode (g) and potential window (V), respectively.
As for the planar type and linear type solid-state SC devices, the capacitive performances including specific capacitance (Ci: Cm, F g −1 /Cs, mF cm −2 ), energy density (Ei: Em, Wh kg −1 /Es, mWh cm −2 ) and power density (Pi: Pm, W kg −1 /Ps, mW cm −2 ) were estimated according to Eqs. S2-S5:
where, I, t, ΔV, m and S, stands for discharge current, discharge time, discharge voltage range, mass and surface area of one single active electrode, respectively. Figure S9 presents the FTIR spectra of the components in hybrid electrode after different treatments. As shown in Figure S9a , PEDOT:PSS shows typical characteristic peaks of PEDOT and PSS: peaks at 1161 and 1126 cm −1 are related to S−O of PSS; peak at 1007 cm −1 is associated with S−phenyl bond of PSS; peaks at 1527 and 1450 cm −1 are attributed to C=C quinoidal structure of PEDOT; peaks at 1385, 1263, 1054 cm −1 are assigned to C−C, C−O−C bonds, and EDOT ring respectively; peaks at 945, 851, 771 cm −1 present C−S bonds of PEDOT.
S2 Supplementary Figures and Disscussions
It is worth noting that after compounding with GO, the peak associated with C−O−C bond at 1263 cm −1 slightly shifts to 1270 cm −1 , and the peak at 851 cm −1 related to C−S bond shifts to 857 cm −1 , which may be resulted from the strong interactions between GO and PEDOT:PSS molecular chains [S1−S2].
To identify the effect of acid treatment on molecular structure of PEDOT:PSS, we investigated the characteristic peaks of HClO4 treated samples. The results were given in Figure S9b . Compared with PEDOT:PSS, PEDOT presents similar characteristic peaks with unobvious peak shifting after acid treatment. This may be owing to the limited effect of PSS removing on FTIR spectra after acid treatment. To further understand the structure changes induced by acid treatment, we also employed Raman, Uv-vis and XPS to characterize the corresponding variations in chemical and molecular structures as shown in the main text.
As well known, HI can eliminate the oxygen related groups of GO and change it from oxidation state to reduction one (RGO). Figure S9c presents the characteristic peaks of GO, including C=O stretching at 1730 cm −1 , skeletal vibration of deformed C−C at 1624 cm −1 , C−OH deformation at 1400 cm −1 , C−O (epoxy ring) stretching at 1230 cm −1 , phenolic OH stretching at 1165 cm −1 , and C−O stretching at 1040 cm −1 . After HI treatment, though most C=O, C−O, C−O−C, phenolic OH bonds (ranging from around 1300 cm −1 to 1040 cm −1 ) were eliminated, some residual C−O related including C−OH chemical bonds (from 1400 cm −1 to around 1300 cm −1 ) were observed in the RGO spectrum. All these changes in the reduction process of GO affect the structures of GO/PEDOT:PSS hybrid evidently and leads to a better conductivity as discussed in main text.
After electrodeposition, a series of typical peaks corresponding to the doped PANI appears in the hybrid. Additionally, some peaks shift to lower wavenumber compared with pure PANI (Fig. S9d ). For example, peaks of C=C stretching vibration of quinonoid ring and benzenoid ring at 1570 cm −1 and 1491 cm −1 shift to 1545 and 1431 cm −1 , meanwhile peaks of stretching vibration of C−N bonds in secondary aromatic amines and C=N stretching at 1294 and 1242 cm −1 shift to 1276 and 1214 cm −1 . These results suggest that PANI nanorods were grown firmly on RGO/PEDOT with strong interfacial interactions, which is possibly attributed to the hydrogen bonding and π-π interaction. Usually, D band is mainly associated with the disordered structure of graphene nanosheets such as vacancies, grain boundaries, and amorphous carbon species, while G band is ascribed to the E2g phonon of C sp 2 atoms in 2D lattice [S3−S4] . Defect density of the graphitic structure can be evaluated by calculating the intensity ratio of D and G band (ID/IG). Generally, an increase of ID/IG ratio means an increased defect density in graphitic structure, because presence of D band depends on the defects of graphene sheets. ID/IG is calculated to be 1.20 and 1.87 for GO and HI treated (RGO) samples (Fig. S10a) , respectively, suggesting the reduction of GO causes an increase of structural defects.
As shown in Fig. S10b , PEDOT:PSS presents no obvious Raman shift before and after acid treatments, which is owing to the limited effect of PSS on Raman spectra when it is removed from PEDOT after acid treatment. As shown in the spectra, most of the bands are related to PEDOT structure: 1564 cm −1 and 1505 cm −1 are assigned to the asymmetric stretching Cα=Cβ, 1438 cm −1 to symmetric stretching Cα=Cβ(−O) on five-membered ring, 1368 cm −1 to Cβ−Cβ stretching, 1258 cm −1 to Cα−Cα inter-ring stretching, 1127 cm −1 to C−C inter-ring bending variation, 1097 cm −1 to C−O−C deformation, 990 cm −1 and 576 cm −1 to oxyethylene ring deformation, 694 cm −1 to symmetric C−S−C deformation, and 439 cm −1 to SO2 bending; whereas only the peak at 522 cm −1 is related to PSS part [S5−S6] . Thus, Raman spectrum of the sample measured after acid treatment remains almost the same with pristine PEDOT:PSS, though some peak intensity varies in some extent, for instance, peaks ascribed to the asymmetric stretching Cα=Cβ (1564 cm −1 and 1505 cm −1 ), Cα−Cα inter-ring stretching (1258 cm −1 ), and oxyethylene ring deformation (990 cm −1 ) all increase. Therefore, we infer that there is some conformational and compositional changes in structure of PEDOT:PSS after acid treatment, which is further investigated by other characterizations, such as Uv-vis and XPS.
The Raman spectra of RGO/PEDOT/PANI is much more different from its predecessors. Some new peaks belong to PANI emerge as shown in Table S3 . It is worth noting that some peaks slightly shift when compared with pure PANI. For example, the C−N + vibration (quinoid ring in pure PANI) peak at 1326 cm −1 slightly shifts to higher wavenumber direction (1345 cm −1 , Fig. S10c ), while N−H stretching vibration peak at 1530 cm −1 shifts to lower wavenumber direction (1521 cm −1 ) with much higher intensity. FigS. 4d and S11a [S7] . After acid treatments, peaks at 251 and 302 nm disappear, which is attributed to the decrease of PSS group in PEDOT and reduction of GO (Fig. S11a, b) . Meanwhile, there is a new absorbance peak appears at 263 nm corresponding to the π-π* transitions of C−C bonds in aromatic ring, which is the result of GO reduction (Figs. 4d and S11b) [S8] . In fact, compared with the Raman spectra results, corresponding Uv-vis spectrum of each component of this GO/PEDOT framework could indicate its obvious structural changes after respective acid treatments. For example, PEDOT spectrum shows only a weak shoulder peak at 217 nm after HClO4 treatment (Fig.  S11a) , whereas GO exhibits a single peak at 262 nm after treating with HI ( Fig.  S11b) . Obviously, the absorption spectra of RGO/PEDOT framework are not just a simple combination of each component, since the absorption peaks present at different wavelength or with a slight shifting (Fig. S11c) , which suggests the strong interaction between different components. 
